Background: Expert opinion-derived disability weights are widely employed for estimating the global burden of diseases and injuries. For chronic diseases such as soil-transmitted helminthiasis and schistosomiasis, it has been suggested that a patient-based quality of life (QoL) approach should be considered for a more accurate appraisal of disability weights. Methods and Results: We carried out a cross-sectional survey and assessed the prevalence and intensity of soiltransmitted helminth infections as well as self-rated QoL indicators among 252 students attending grades 5-8 in two schools (Bulangshan and Pu'er) in Yunnan province, People's Republic of China. Each student provided a single stool sample, which was subjected to duplicate Kato-Katz thick smear readings and a single FLOTAC examination for parasitological diagnosis. Prevalence rates for hookworm, Trichuris trichiura and Ascaris lumbricoides were high in Bulangshan (75.9%, 70.0% and 68.2%), while the respective prevalence rates in Pu'er were 66.9%, 56.5% and 9.2%. Students were interviewed with two standardised questionnaires, the EuroQoL-5 Dimensions (EQ-5D) and ShortForm-12 (SF-12) Health Survey. Impairment in any of the five dimensions of the EQ-5D was reported by 87% of the students. However, no clear differences could be observed between individuals with and those without helminth infections, and there were discrepancies between the two schools. A multivariate logistic regression model revealed no differences between students with varying infection status in the domains of the SF-12 (odds ratio close to 1.0). Somewhat more pronounced, yet not statistically significant differences were observed when end-of-school-term marks were compared with students' helminth infection status: infected individuals had lower marks in Chinese, English and mathematics, but not in sports, compared to their helminth-free counterparts. Conclusions: Our results point to unresolved issues and challenges regarding the cultural appropriateness of the widely used standard QoL questionnaires. Hence, new research is needed to further develop these instruments and to validate them in connection with chronic parasitic diseases.
Background
According to the global burden of disease (GBD) study published in 1996, soil-transmitted helminthiasis (infections with the nematodes Ascaris lumbricoides, Trichuris trichiura and the two hookworm species Ancylostoma duodenale and Necator americanus) causes the loss of 5 million disability-adjusted life years (DALYs) every year [1] . However, other sources put forth an 8-fold higher estimate, i.e. 39 million DALYs [2, 3] . The DALY estimates utilised in the initial GBD study were established by expert committees based on disease scenarios that arguably failed to reflect the full spectrum of morbidities, notably chronic conditions [4, 5] . While an infection with one or several soil-transmitted helminth species seldom causes death, chronic infections with moderate or heavy worm burdens result in considerable morbidity, including stunting, wasting, anaemia and impaired physical and mental development in children [6, 7] . Because of the mainly subtle morbidity, the longterm chronicity and the high prevalence of multiple species infections, it is difficult to estimate the specific burden due to the different soil-transmitted helminth species [8] .
Another approach for assessing the burden related to a particular condition is based on patient-based quality of life (QoL) interviews. Two types of instruments are available: (i) generic instruments, which include general health profiles; and (ii) specific instruments, which focus on problems associated with individual diseases, patient groups or areas of function. Both types are multifactorial constructs and assess the individual's perception of physical, mental and social functioning [9, 10] . Two of the most widely used generic QoL questionnaires are the EuroQoL-5 Dimension (EQ-5D) and the ShortForm-12 (SF-12) questionnaire from QualiMetrics [11, 12] . Both tools were developed based on 'western' concepts, but they have been validated and used in other societies, including the People's Republic of China (P.R. China) [13, 14] . Recently, these tools were utilised for estimating age-specific disability weights for chronic schistosomiasis japonica [15] and echinococcosis [16] in P.R. China. The EQ-5D assesses the patients' QoL in five dimensions (i. e. mobility, self-care, usual activities, pain/discomfort and anxiety/depression), each at three levels of increasing impairment (i.e. no problem, moderate problems and extreme problems). The questionnaire also includes a visual analogue scale (EQ-VAS) where the respondent is asked to rate his or her general health status from best imaginable (100) to worst imaginable (0) [11] . The SF-12 tool consists of 12 questions and the results are combined into eight domains: physical health (PH), role-physical (RP), bodily pain (BP), general health (GH), vitality (V), social functioning (SF), role-emotional (RE) and mental health (MH). In addition, two component scores, the physical component summary (PCS) and the mental component summary (MCS), are evaluated [12] .
The purpose of the present study was to assess the self-rated QoL among students in two schools in an area of Yunnan province, P.R. China where soil-transmitted helminths are highly endemic, and to compare questionnaire results with parasitological findings, placing emphasis on helminth infection status, infection intensity, and single versus multiple species helminth infections. In addition, students' end-of-school-term marks in Chinese, English, mathematics and sports were analysed and related to the students' helminth infection status.
Methods

Study area and population
We carried out a cross-sectional survey in two schools in southern Yunnan province, P.R. China, from May to June 2009. One school is located in Bulangshan village (geographical coordinates: 21°37'00 N latitude and 100°2 4'00 E longitude; altitude: 1,490 m above sea level) in Menghai county, Xishuangbanna prefecture. Bulangshan is a village situated in a hilly area and mainly inhabited by the Bulang ethnic minority. Studies conducted in this area showed high prevalence rates of soil-transmitted helminth infections [17, 18] . The other school is based in the outskirts of Pu'er (formerly: Simao) city in Pu'er prefecture at 22°46'00 N latitude and 101°04'60 E longitude at an altitude of 1,550 m above sea level. In Pu'er, for several years now, there has been annual school-based deworming, usually administered in January. To our knowledge, no regular deworming has been implemented in Bulangshan.
Questionnaires and parasitological procedures
The headmasters of both schools were informed about the objectives and procedures of the study. Subsequently, the headmasters introduced the study team to the teachers and students. Each student attending nine randomly selected classes of grades 5 to 8 was eligible to participate in the study and was assigned a unique identification (ID) number. Plastic containers were labelled with the name and ID number, and the students were invited to submit one stool sample in the following week. Between 08:00 and 14:00 h of the following days, stool samples were collected and transferred to the laboratory of the local hospital or parasitological institute. Duplicate Kato-Katz thick smears were prepared from each sample, using 41.7 mg templates [19] . After a clearing time of 30-45 min, the slides were examined by experienced laboratory technicians. For quality control, the independently obtained readings were compared, and slides were re-read if there were inconsistencies. In addition, a 1 g sub-sample of each stool specimen was weighted and stored in a Falcon tube containing 9 ml 5% formalin solution for subsequent FLOTAC examination. The preserved samples were transferred to the Center for Disease Control and Prevention (CDC) in Wuhu, Anhui province, and processed according to a standard protocol developed by Cringoli et al. [20] .
All students who had submitted at least one stool sample were invited to answer a questionnaire. First, one fieldworker explained the purpose of the interview. After all upcoming questions had been answered, questionnaires were handed out and the staff read each question aloud and provided further explanations if needed. The questionnaire consisted of two parts. The first section contained general questions (demography, socio-economic variables), while the second section was designed to assess the self-rated QoL. It included questions pertaining to: (i) health-related infrastructure and behaviour; (ii) self-reported signs and symptoms; and (iii) the two standard questionnaires for assessing health-related QoL, EQ-5D (EuroQoL) and an adapted version of the SF-12. The EQ-5D was already available in Chinese; the rest of the questionnaire was translated into Mandarin Chinese. The questionnaire was pretested among 30 children visiting grade 4 in a school near Pu'er city. For quality control, all questionnaires were checked for completeness upon return, and missing or implausible answers were reviewed together with the student.
Students' end-of-school-term marks in Chinese, English, mathematics and sports were obtained from the responsible teachers.
Data management and statistical analysis
The target sample size was 210 students, based on the following assumptions: prevalence of soil-transmitted helminth infection (65%), a standard deviation of 25%, a difference of the means in the dimensions of the questionnaires between infected and non-infected students of 10, a confidence level of 95% and a power of 80%. A 10% safety margin and an assumed 20% drop out rate translated into a target enrolment number of 276 individuals.
Data were double-entered and cross-checked using EpiData version 3.1 (EpiData Association; Odense, Denmark). All statistical analyses were performed in STATA version 9.1 (StataCorp LP; Texas, USA). Helminth infection status and multiparasitism were determined based on the pooled results of duplicate Kato-Katz thick smears and the FLOTAC test. The arithmetic mean number of eggs counted on the two Kato-Katz slides was multiplied by a factor of 24 to obtain eggs per gram of stool (EPG). Infection intensities for A. lumbricoides, hookworm and T. trichiura were stratified according to cut-offs put forward by the World Health Organization (WHO) [21] . The EQ-5D and SF-12 were analysed as recommended by EuroQoL [11] and QualiMetrics [22] .
Pearson's χ 2 -test and Fisher's exact test, as appropriate, were used to assess the associations between various infection categories, namely infection status (presence or absence of a specific helminth infection), infection intensity (no, light, moderate/heavy), single and multiple helminth species infection, and demographic variables as well as the five dimensions of the EQ-5D. The arithmetic mean of the EQ-VAS, the domains of SF-12 and the end-of-school-term marks in Chinese, English, mathematics and sports were calculated for the different helminth infection categories and their relationship assessed using the Kruskal-Wallis test. Questionnaires with missing data were excluded from the respective analyses. Logistic regression was used to control for confounding (sex and age). Since there was a strong interaction between the two schools, all results were calculated for each school separately.
Ethical considerations and treatment
The study was integrated into ongoing epidemiological investigations and control activities against soil-transmitted helminthiasis. Ethical clearance had been granted by the academic board of the National Institute of Parasitic Diseases, China CDC. Written informed consent was obtained from the headmasters of both schools prior to data collection. An information sheet describing the study was available for all participants.
At the end of the study, all students were treated freeof-charge with a single oral dose of albendazole (400 mg).
Results
Compliance and study cohort
A total of 351 individuals were invited to participate in the study; 223 in Bulangshan and 128 in Pu'er. Figure 1 shows that 55 students did not provide any stool sample, 26 stool samples were of insufficient quantity to perform duplicate Kato-Katz thick smears plus a FLO-TAC examination, and 16 students were absent during the questionnaire survey. Hence, complete datasets, i.e. at least one stool sample subjected to duplicate KatoKatz thick smear readings and a single FLOTAC and complete questionnaire results, were available from 252 students (154 in Bulangshan and 98 in Pu'er). The overall compliance was 71.8%. The age of the participants ranged from 12 to 27 years, which is typical for the current setting, where many male students first attend temple schools before enrolling for regular schooling. The median age was 14 years and 80% of the participants were between 12 and 14 years old. Farming was the main source of family income, as reported by 89.0% of the students from Bulangshan and 55.1% of the students from Pu'er. Other sources of income were teacher or civil servant (5.1% and 8.2%, respectively), having their own business (3.9% and 12.2%, respectively) or local or migrant worker (2.0% and 24.5%, respectively).
Soil-transmitted helminth infections
The pooled results from the duplicate Kato-Katz thick smears and a single FLOTAC revealed high prevalence rates of hookworm (75.9%), T. trichiura (70.0%) and A. lumbricoides infections (68.2%) among participants from Bulangshan. The respective prevalence rates in Pu'er were 66.9%, 56.5% and 9.2%. An infection with Taenia spp. was found in six participants from Bulangshan. Table 1 shows that soil-transmitted helminth infections were more prevalent among males than females and increased with age. Two-third of the boys (66.9%) had a hookworm infection, whereas half of the girls (51.2%) were infected with this parasite, accounting for a significant sex difference (P < 0.001). In Bulangshan, higher mean helminth egg counts were found than in Pu'er. With regard to infection intensity, as determined by the duplicate Kato-Katz thick smears and stratified according to WHO cut-offs [2] , significant differences were found between the two schools. While in Pu'er only 2.1% of the students had a moderate/heavy infection intensity with A. lumbricoides, in Bulangshan, 36.4% were infected at this level of intensity (P < 0.001).
Multiparasitism was pervasive in Bulangshan; almost 50% of the participants harboured three different helminth species concurrently (Table 2 ). In Pu'er, less than 10% of the participants were co-infected with two or more helminth species. Significant associations were observed between multiparasitism and both age (P < 0.001) and sex (P = 0.011), i.e. multiple species helminth infections were particularly prevalent among boys aged 14 years and above.
Association between QoL and helminth infections
The results obtained through the EQ-5D questionnaire are summarised in Table 3 . Eight students were excluded from the analysis because they did not answer all questions. The seven (2.8%) participants who reported extreme problems in any of the EQ-5D dimensions were pooled with those reporting moderate problems.
Eighty-seven percent of the students reported to experience problems in at least one of the five dimension of the EQ-5D questionnaire. In less than two-thirds of all examined soil-transmitted helminth species combinations and EQ-5D dimension for both schools, students infected with one or several species of soiltransmitted helminths reported more problems than their non-infected peers. However, in the remaining one-third of the combinations, the opposite was observed, i.e. non-infected students reported more problems than those with a soil-transmitted helminth infection. Of note, the comparison between the two schools revealed important differences in some of the dimensions of the EQ-5D. 'Pain', for example, was reported by 68% of the A. lumbricoides-infected participants from Bulangshan, while 81% of the A. lumbricoides-negative students reported 'pain' (odds ratio (OR) = 0.5; 95% confidence interval (CI) = 0.2, 1.1). In contrast, in Pu'er, 78% of the participants with an A. lumbricoides infection reported 'pain', whereas the respective percentage among their non-infected counterparts was 60% (OR = 2.4; 95% CI = 0.5, 12.1). In Pu'er, 61% of the participants harbouring hookworms reported impairments in 'usual activities', whereas only 30% of the hookworm-free students reported impaired usual activity (OR = 3.7; 95% CI = 1.5, 9.1). The dimension 'mobility' was the only where a similar trend could be observed in both schools for children with an A. lumbricoides infection (Bulangshan: OR = 1.3; 95% CI = 0.6, 2.9; Pu'er: OR = 3.6; 95% CI = 0.3, 38.6). A counterintuitive trend in the same dimension was found for hookworm infection (Bulangshan: OR = 0.9; 95% CI = 0.4, 2.1; Pu'er: OR = 0.7; 95% CI = 0.1, 7.1).
Stratification by infection intensity and number of helminth species did not change the overall picture. Most problems were reported by students without any diagnosed helminth infection; the lowest number of selfreported impairment was often found among those with a single species helminth infection. With increasing infection intensity or number of helminth species, generally more impairments were reported. However, the differences were not statistically significant (data not shown). Participants from Pu'er had higher EQ-VAS scores than those from Bulangshan (Table 4) . Only slight differences were observed between infected and noninfected students from either school. Participants from Bulangshan with moderate or heavy A. lumbricoides infection intensity had a borderline significant (P = 0.060) lower VAS score than non-infected participants. The results of the SF-12 questionnaire are summarised in Table 5 . Twelve participants were excluded from the analysis because they failed to answer all 12 questions. We could not find any differences between infected and non-infected participants in most dimensions, neither by comparing the mean health scores nor in the logistic regression model. According to the Kruskal-Wallis test, significant differences were found in 'role functioning' and 'PCS' among students from Pu'er, and 'mental health' among students from Bulangshan. In these domains, non-infected students had significantly lower mean health scores than their A. lumbricoides-infected ('role functioning' and 'PCS') or hookworm-infected ('mental health') counterparts. However, in the logistic regression, no differences (OR close to 1.0) were observed for these domains (data not shown).
Association between end-of-school-term marks and helminth infections Table 6 summarises the associations between the endof-school-term marks in Chinese, English, mathematics and sports and helminth infections. For each of the investigated soil-transmitted helminth infections, students without the respective infection had equal or slightly higher end-of-school-term marks when compared to their infected peers; differences were larger in Bulangshan than in Pu'er. Furthermore, a trend towards lower marks among those with heavier helminth infections was observed; mostly, however, without statistical significance. In mathematics, the participants from Bulangshan without a helminth infection had significantly higher marks (mean = 41 on a scale from 0 (lowest mark) to 100 (highest mark); standard deviation (SD) = 23) than participants with single (mean = 24, SD = 14), dual (mean = 21, SD = 13) or triple (mean = 24, SD = 17) helminth species infection, respectively (P = 0.007).
Discussion
Prior to our study, the two standardised questionnaires EQ-5D and SF-12 had been employed in P.R. China to estimate disability weights for chronic schistosomiasis japonica [15] and echinococcosis [16] . We have now made an attempt of using EQ-5D and SF-12 for the appraisal of self-rated QoL in relation to soil-transmitted helminth infections. The results obtained from the two QoL questionnaires and their associations with students' 
parasitological findings are not easy to interpret and setting-specific idiosyncrasies were observed. Indeed, in only two out of 15 examined associations (five dimensions of EQ-5D each for A. lumbricoides, hookworm and T. trichiura) we found a trend into the same direction for both schools, with more reported problems among helminth-infected compared to non-infected students ('mobility' in relation to A. lumbricoides) or more reported problems among the non-infected ('mobility' in relation to hookworm), respectively. For the remaining 13 associations, no clear trends were observed, i.e. if in one dimension helminth-infected students from Pu'er reported more impairments than their non-infected peers, then in Bulangshan more impairments were reported among the non-infected students. There was a tendency of non-infected individuals from Bulangshan reporting more problems than their helminth-infected counterparts. In contrast to previous studies, there was no difference in the sensitivity of SF-12 and EQ-5D [23] . Finally, logistic regression modelling suggested that there were no differences between the self-rated QoL among helminth-infected and non-infected participants. Interestingly, clearer trends were observed between the end-of-school-term marks and helminth infections.
Although most of the results were not significant, we could document a trend towards lower marks in Chinese, English and mathematics as the infection intensity or the number of helminth species increased. These results are in agreement with previous studies [24] [25] [26] and confirm the notion that helminth infections may negatively impact on students' cognitive skills.
Considering the parasitological results, previous studies in Yunnan province had revealed that soil-transmitted helminth infections and multiparasitism were common among ethnic minorities, including the Bulang [17, 27, 28] . The significantly lower helminth prevalences found in peri-urban Pu'er can be explained by the yearly school-based deworming campaigns implemented over the past years as well as the generally better socio-economic conditions in this city compared to Bulangshan.
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Not infected 44 76 (24) 59 (40) 74 (21) 70 (27) 47 (28) 68 (27) 58 (41) 60 (19) 68 (25) 59 (25) Infected 100 74 (25) 48 (42) 75 (14) 69 (27) 50 (26) 69 (23) 44 (42) 62 (19) 61 (27) 53 (24) Pu'er Not infected 81 83 (21) 65 (43) 77 (16) 79 (20) 62 (21) 78 (15) 58 (49) 67 (15) 74 (30) 62 (26) Infected 13 80 (24) 64 (41) 78 (16) 74 (24) 61 (23) 79 (18) 52 (43) 65 (19) 72 (26) 59 ( Thirdly, a one-to-one administration of the questionnaire was not feasible, yet efforts were made to ascertain quality data. One staff member read the questions aloud in front of 20-30 students and answered upcoming questions. After the questionnaire survey, the filled-in forms were carefully reviewed for missing or implausible answers and, when need be, the questionnaire was completed together with the child. It should be noted that one-to-one administration also holds risks, namely of suggesting seemingly "right" answers. Fourthly, we had the impression that the two questionnaires administered concurrently were too long for the students and that attention was diverted over the course of filling in the questionnaire. During the pre-test of the questionnaire in a nearby village, no similar problems were observed. It is also important to note that the two selected schools were indeed quite different. While the school in Bulangshan is a rural boarding school in a very poor and remote district, the second school is situated on the outskirts of Pu'er, a prefecture-level city with more than 100,000 inhabitants. It is conceivable that these contextual determinants govern the students' perception of health and might go a long way to explain the observed differences in self-rated QoL between the two schools. In a study carried out in Côte d'Ivoire, Raso and colleagues noted differences in perceived ill-health among the poorest and less poor schoolchildren [31] . The authors speculated that students from households with a higher socio-economic status might have higher expectations for their health, and hence are more sensitive about distress. Children who have a history of illness experience might have lower expectations and ignore symptoms. However, in a comparison of the main sources of family income, no correlation with selfrated QoL was found in the present study. This would be in agreement with an investigation from Sweden which analysed whether inequality in self-reported health predict inequality in socio-economic status and came to the conclusion that sex and age, but not income or educational attainment, have an effect on self-rated QoL [32] . More research is therefore needed to investigate whether or not socio-economic status impacts on QoL.
Our results also raise questions whether the chosen questionnaires are appropriate for this specific socio-cultural setting and the age group interviewed here. We gained the impression that some of the students had difficulties to fully apprehend some of our questions, most notably the EQ-VAS tool, and some general questions proved difficult for the participants to readily answer. In Table 6 Relationship between A. lumbricoides, hookworm and T. trichiura infection intensity, multiple helminth infection and school performance, including standard deviation (SD) measured by end-of-school-term marks (scale from 100 (best) to 0 (worst)) among 154 children from Bulangshan, Yunnan province, P.R. China
Parameter
Obs. some instances, participants failed to understand questions even after face-to-face explanation. This might explain how a score of '0' in EQ-VAS, which equals to 'worst imaginable health state', or death, and was indicated as such on the form, could be reported.
It is important to note that students participating in the current study are likely to suffer from health issues other than helminth infections. The effects of co-infections and co-morbidities may predominate over the mainly subtle effects of soil-transmitted helminth infections. Both EQ-5D and SF-12 only measure the overall QoL, and attribution of results to specific diseases is impossible. Furthermore helminth infections are of chronic nature [33] and nearly ubiquitous, particularly in Bulangshan, and hence might force children to adapt and perceive their effects as normal. End-of-school-term marks, on the other hand, more readily capture the longitudinal effects of soil-transmitted helminth infections and other chronic conditions, as shown here. Furthermore, it has been reported that QoL questionnaires can show ceiling effects, i.e. patients with the best score in self-rated QoL may have substantial impairments as measured by more objective tests. On the other hand, the tools used here may also have floor effects, i.e. patients with the worst score in self-rated QoL may deteriorate even further [34] .
Conclusions
Unresolved issues and challenges have been identified in the present study when attempting to relate helminth infections with self-rated QoL. Seemingly more meaningful results pertaining to the effects of soil-transmitted helminth infections on children were obtained when using simple end-of-school-term marks rather than sophisticated tools such as EQ-5D and SF-12 questionnaires. However, since school marks are not readily comparable across schools, we conclude that further development of QoL instruments is warranted with a view towards further adopting them to target populations. To do so, it is necessary to better understand local concepts regarding health and perceived morbidity.
